Introduction
Birth weight (BW) is an important predictive parameter for neonatal morbidity and mortality [1] . Hence, accurate estimation of fetal weight may be a valuable tool for determining further obstetric management.
During the last 30 years, sonographic assessment of the fetus and estimation of its weight have become part of standard practice in obstetrics. Since the 1970s, biometric parameters such as the biparietal diameter, frontooccipital diameter, head circumference, transverse abdominal diameter, anterior-posterior abdominal diameter, abdominal circumference and femur length have been included in formulae for deriving fetal weight. Many formulae have been published, most of them involving combinations of several biometric parameters. Most of these methods proved to have insignificant systematic errors, but random errors of less than approximately 7% were rarely reported [2] , indicating a general lack of accuracy. Therefore, further parameters besides biometric measurements might be useful in optimizing estimation of fetal weight. None of the standard weight formulae considers fetal sex, despite compelling evidence of gender-specific differences between male and female infants [3] .
The aim of the present study was to test the hypothesis that the sex-specific weight formula by Schild et al. [3] compares favorably with commonly used formulae.
Materials and Methods
Our prospective study included 989 deliveries at the Division of Perinatal Medicine at the Erlangen University Hospital in Germany in a 12-month period between January and December 2005. Inclusion criteria were singleton pregnancy, ultrasound examination with complete biometric parameters within 7 days of delivery. Intrauterine deaths and fetuses with structural and/or chromosomal abnormalities were excluded. In cases in which the growth or condition of the fetus had been followed serially, only the last examination before delivery was taken into account.
Patients provided verbal consent to participate in the study. Fetal weight estimation is routinely used in our department for diagnostic purposes in pregnancies and ethical approval for the study was therefore not sought.
A variety of ultrasound machines (Voluson Expert system; GE Medical Systems, Solingen, Germany; Elegra; Sienna systems; Siemens Medical Solutions, Erlangen, Germany; Xario and Nemio systems; Toshiba Medical Systems, Neuss, Germany) were used as described before [4, 5] . BW and fetal length were obtained within 1 h of delivery by our nursing staff. The gender-specific weight formula by Schild was tested against 10 established weight equations ( table 1 ) .
Accuracy of the estimated fetal weight (EFW) was assessed by calculating the percentage error [PE; ͉EFW -BW͉/BW ! 100], the absolute PE [APE; (EFW -BW)/BW ! 100] and by applying the 'limits of agreement' method by Bland and Altman [6] . The accuracy of each formula was analyzed in 3 different groups of the mean weight, calculated from EFW and BW. With any given situation, the overall mean difference between the ultrasonically derived fetal weight and BW refers to the extent of systematic error, whereas the limits of agreement refer to the random error. The 95% limits of agreement demonstrate the difference which can be expected between real BW and EFW, and which tendency (to underestimation or to overestimation) is commonly found in different EFW groups. The intraclass correlation coefficient is a meth- od of assessing validity. It was described in detail by Chien et al. [7] . In this study, it was used to determine the accuracy of our fetal weight estimations. The Statistical Package for the Social Sciences, version 14.0.1 (SPSS Inc., Chicago, Ill., USA), was used for statistical analysis.
Results
BW ranged from 480 to 5,050 g with a median of 3,340 g. There were 507 (51.3%) phenotypically female and 482 (48.7%) male newborns. The main clinical parameters are shown in table 2 .
Weight formulae were assessed over the whole weight range and for 3 different subgroups ( ! 2,500 g, n = 72; 2,500-3,999 g, n = 815; 6 4,000 g, n = 102). The results are shown as mean values and SD of the PE in table 3 and  as mean values and range of the APE in table 4 .
With regard to the total weight range, the highest intraclass correlation coefficient was achieved with the Hadlock I and III formulae ( table 5 ), followed by the Schild formula. The gender-specific weight estimation had the lowest mean APE. However, the mean value of the APE was still well over 7. The lowest intraclass correlation was found with the Campbell und Wilkin for- The best results are shown in bold. Table 4 . Mean value and range of the APE for each regression formula over the total weight range and the subgroups
Regression formula Total weight range (n = 989) <2,500 g (n = 72) 2,500-3,999 g (n = 815) ≥4,000 g (n = 102) mula. Its APE was 9.1, with only the Merz and the Shepard formulae demonstrating higher APE of 10.5 and 9.9, respectively. In the 3 subgroups, the Hadlock IV and V formulae were associated with the lowest APEs for newborns with a BW below 2,500 g. EFW calculated with Hadlock I had the narrowest limits of agreement in this fetal weight group. In contrast, the Schild formula and several other regression formulae showed their greatest level of inaccuracy in this subgroup.
For infants with a BW between 2,500 and 3,999 g, Schild's gender-specific regression formula demonstrated the lowest mean value of the APE. Besides, this formula showed the narrowest limits of agreement.
In the weight group above 4,000 g, the Merz and the Hadlock III regression formulae proved to be the most accurate. The narrowest limits of agreement were reached with the Campbell and Wilkin formula. However, this formula and the Schild formula showed a very low mean difference. Only the Merz and Hadlock III formulae were able to achieve an acceptable small range of limits of agreement and a mean difference close to zero. Table 6 illustrates the agreement between EFW and true BW assessed by the limits of agreement method [5] . The Hadlock II, IV and V as well as the Campbell and Wilkin formulae tended to underestimate fetal weight in all subgroups. The Shepard and Merz formulae overestimated fetal weight over the whole weight range. The Hansmann formula overestimated fetal weight when mean fetal weight was lower than 4,000 g and tended to underestimate when mean fetal weight was higher. Only small under-or overestimation of fetal weight in all subgroups was seen with the Warsof as well as the Hadlock I and III formulae. The gender-specific formula of Schild tended to underestimate fetal weight when BW was high, especially above 4,000 g.
Over the whole weight range, figure 1 illustrates the percentage of fetal weight estimations falling within the 8 5, 8 10, 8 15 and 8 20% range of the true BW. At a 5% discrepancy level, Schild's sex-specific formula included over 40% of all estimations, whereas the Merz formula included the least. Figure 2 illustrates the PE over the whole weight range for each regression formula. With exception of the Hansmann, Merz and Shepard formulae, most regression formulae showed a tendency to underestimate fetal weight. The Hadlock I and III formulae showed the lowest degree of systematic error, with mean PE values close to zero.
Discussion
Fetal weight is an important parameter affecting fetal and neonatal morbidity and mortality, especially in preterm or small-for-date fetuses. In addition, fetal weight estimation can be an essential parameter for obstetric management in suspected macrosomia.
In this study, there was no formula, including the sexspecific formula from Schild, that was consistently superior over the whole fetal weight range. Because of a general lack of accuracy for all known weight formulae, further parameters or specific regression formulae need to be identified to improve weight estimation. As in the study by Kurmanavicius et al. [1] , some of the Hadlock formulae proved to have the lowest APE over the whole weight range. The same applied to Schild's sex-specific formula, even having a slightly lower mean APE than the Hadlock formulae. The latter finding suggests that additional parameters may improve fetal weight estimation.
In the weight range of less than 2,500 g, the Hadlock formulae proved to be the most accurate. In contrast, the Hansmann and Merz formulae did not appear to be useful for fetuses smaller than 2,500 g because of their wide range of limits of agreement and their high mean APE.
In the weight range between 2,500 and 3,999 g, the gender-specific Schild formula had the highest degree of accuracy. In contrast to a previous study by Chien et al. [7] , the results of the present study did not find the Campbell and Wilkin as well as the Shepard regression formulae superior to the Hadlock formulae.
For fetuses with a BW of 4,000 g and more, the Merz regression formula was associated with the lowest APE and was the only formula with a mean APE of less than 7. In macrosomic fetuses, the Schild formula demonstrated its highest inaccuracy with a mean underestimation of fetal weight of more than 400 g.
Our study showed that the majority of regression formulae, including the sex-specific formula, tended to underestimate fetal weight. This is in agreement with the findings reported by Kurmanavicius et al. [1] , who also demonstrated a tendency towards underestimation using the Hadlock formulae and overestimation using the Merz and Shepard regression formulae. As we did not consider the interval between ultrasound and delivery, a bias towards underestimation may have been introduced. Seven of the 11 formulae used in this study tended to underestimate fetal weight. Mongelli and Gardosi [8] demonstrated increased accuracy by taking the interval to delivery into consideration. In this study, we did not extrapolate the EFW because our study population included a much wider weight range than that described by Mongelli and Gardosi [8] .
In summary, Schild's sex-specific weight formula compares favorably to already established weight equations in fetuses with an expected weight between 2,500 and 3,999 g. For small or macrosomic fetuses, other formulae are to be recommended. We conclude that new formulae calculated for various subgroups or including further parameters are needed, with particular attention paid to the extremes of the fetal weight range.
